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Abstract
A realistic alternative to traditional technology development and transfer hat been utilized by 
the International Center for Living Aquatic Resources Management (ICLARM) to integrate 
pond fish culture into low-input farming systems in Malawi. Resource mapping was used to 
assess farm resources and constraints and introduce the concept o f integrated resource 
management (IRM), the synergistic movement o f resources between and among firm and 
household enterprises. Fanner-led IRM research projects are conducted on-fann and 
monitored by researchers through direct observation and on-station simulation of constraints 
and management practices. Technology-adoption rates by fanners involved in a pilot activity 
was 65% compared to 0% by farmers exposed only to top-down extension approaches. Within 
tw o  yean; of adoption, every participating farmer had transferred the technology to an average 
ot four other fanners without the involvement o f the extension services.
Introduction
Increasing population pressure in subSaharan Africa has led to over-utilization of land and a 
subsequent decline in actual and potential agricultural productivity. Putting more land under 
cultivation will only exacerbate the decline o f environmental quality which is already 
occurring (Brummett, 1995). Increasing intensity o f production systems is therefore essential. 
However, classical methods o f technology development and transfer have generally failed 
N«w methods for increasing the efficiency, productivity and sustainability o f smallholdings 
must be found
A realistic alternative to traditional technology development and transfer has been utilized by 
the International Center for Living Aquatic Resources Management (ICLARM) to inte^ate 
pond fidb culture into low-input farming systems in Malawi. Fanner-led participatory research 
has been fused with methods o f rapid rural appraisal to identify constraints to technology 
adoption and give fanners the intellectual tools with which to overcome them.
! ?rnne of fJhe information in this paper was presented as Farmer-Scientist Research Partnerships and 
rVnitllholder Integrated Aquaculture in Malawi to the Technical Center for Agricultural and Rural Co- 
’^pmition (CTA) and Belgian Royal Academy of Overseas Sciences Seminar on the Management of 
Integrated Freshwater Agro-Piscicultural Ecosystems in Tropical Areas, 16-19 May 1994, Brussels, Belgium.
Farmer-Scientist Research Partnerships
Rt?mires Flow Diagramming
Small-scale, low-resource farming systems are complex, diverse environments where 
agricultural production is riak-prone and dependent on the whim o f the climate, particularly 
availability of water. Such farming systems dominate subSaharan Africa. However, risk can be 
reduced and production increased by linking the various enterprises on the farm together 
through integrated resources management (MM), IRM enhances production, stabilizes output 
and increases profitability by reducing waste and reducing extractive land husbandry practices. 
The positive benefits o f  IRM can be maximized by introducing elements which can improve 
the efficiency o f resource cycling such as multipurpose trees, crop-fish systems, etc.
In order to develop management practices which w ill stabilize and sustain agricultural 
production in such complex systems, local knowledge is essential. The greatest repository o f 
such indigenous expertise is the fanners themselves. It makes sense that to develop new and 
truly useful management practices for such fanning systems, farmers and scientists must work 
together in partnership.
ICLARM's Farmer-Scientist Research Partnership approach ia (he result of research to 
develop protocols for enabling fanners to conduct controlled experiments in designing and 
improving their own integrated farming systems. Fanners have the expert knowledge of their 
local resources and the skills to initiate and manage a range o f innovations concurrently. They 
also can communicate with their neighbors to spread technology once it has been developed. 
Whnt is needed is a methodology which enhances these abilities and helps fanners develop an 
holistic appreciation o f their environment and the potential for integrating its elements, or 
incorporating new elements which will aid this process.
t t r  first step is to establish how fanners classify and perceive their natural and agricultural 
reponrces and proceed in such a  way that the farmers are able to visualize their whole fanning 
system and the interrelationships o f its component parts. Participatory exercises involving 
ewips of farmers are the most successful approach to understanding how rural communities 
classify their local resource systems. The approach adopted by ICLARM encourages villagers 
to express in forms of simple maps the resource classification within their farms and describe 
how it links with the external environment This resource flow diagramming provides a simple 
mechanism for rapid rural assessment and farmers learn to think in terms o f the total resource 
system rather than individual farm enterprises.
Hie most appropriate setting for resource flow diagramming is in the farmer’s own 
environment Groups provide a  better setting than individual encounters by allowing wider 
discussion and consensus on the indigenous categorization o f their local resources. Usually, the 
most successful approach is to allow villagers to first lead the researcher through their farming 
area and then afterwards draw maps illustrating the resource systems identified on the walk. 
Resource systems are not restricted to those within the boundaries o f the farm. Common
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soTizing land and water sources utilized by the farming household should be included. This 
provides a more accurate picture of the total resource base o f the smallholding.
Maps are usually drawn on the ground using whatever materials are available. Indigenous
names for resource systems, soils, enterprises etc. are used as far as possible. Local terms can 
be very descriptive and reveal information on the nature o f the resource system, its use and 
importance. Drawing does not require a  person to be literate. Stones, plant and animal material 
etc. can be placed on the ground to symbolize different resources. Drawing shows the 
researcher what enterprises exist and enables farmers to obtain a broad overview o f their 
environment which they may not previously have visualized in its totality (Lightfoot et al., 
1991).
Figure 1. A resource flow diagram drawn by Mrs. D. Ng’ombe o f Zomba District, Southern 
Malawi showning her farm mangement strategy for the 1992-1993 growning season.
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Once the main features o f  the farming system are noted, farmers are asked to describe how the 
various enterprises depicted relate to each other. This is done by connecting the various 
enterprises with arrows to show the direction o f resource movement I t  for example, stovers 
from a maize crop are used to mulch a vegetable garden, a flow arrow is drawn on the map to 
connect the maize and vegetable plots with an arrowhead indicating the direction o f the 
resource movement (in this case towards the vegetables). Materials which are eaten by the 
families would be connected to the house with an arrow. Materials which are sold would be 
connected with an external market Cash (generally in the form o f payments for labor or money 
gained through sale o f produce), fertilizers and animal feeds are included as resource flows 
which connect the farm to the local economy. For greater detail, values can be attached to 
flows to give them a  quantitative dimension (Lightfoot and Noble, 1993).
Figure 1 is such a map drawn by Mrs. D. Ng'ombe o f Zomba District in Southern Malawi. This 
particular map showB only the various farm enterprise systems and the movement o f resources 
around the farm and into the surrounding economy. Depending upon the purpose to which it is 
to be put, details o f  soil type, slope and water resources can be easily added. Such mapping 
provides the researcher with a detailed picture o f the diversity and distribution o f land, soil 
and water resources from the perspective o f the farmer. Farmers gain a  perspective, often for 
the first time, o f their own farm's relationship within the rural community and its 
agroecological environment
Farm er-L ed Experimentaii on
Having established a map showing the enterprises -and resource flows on the farm, the fanner 
is requested to imagine a scenario where a new or modified enterprise is incorporated into the 
farming system. In the case o f ICLARM, researchers were trying to introduce the idea of 
integrated resource management through the incorporation of a fish pond into the existing 
farming system. Once the new idea has been presented in general terms, the resource flow 
diagram is then re-drawn to show the theoretical relationships between the new activity and 
existing ones. Figure 2 shows such a diagram for Mrs. Ng’ombe. The re-drawing o f the map 
gives the researchers the opportunity to discuss the specific details o f integrated resource 
management.
An interesting point to note on the drawing is that only the fishpond has links with other 
resource systems and enterprises which do not pass through the household or an external 
market Fish ponds have a  particularly high capacity for using and transforming agricultural 
wastes without creating pest or human health problems (Lightfoot et al., 1993).
The theoretical farming system model created during the re-drawing session is used by farmers 
and researchers as a  guide for conducting applied experiments. In the case o f  integrated 
agriculture-aquaculture, the fanner constructs the pond in a site selected in consultation with 
the researcher (to make sure that it will, for example, fill with water). Other than general 
advice, no inputs to pond construction are provided by the researcher. Once the pond is 
constructed and full o f water, the researcher must provide the finger lings for fish stocking. This 
is done to ensure that the quantity and quality o f  seed is known and controlled. The farmer then
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Figure 2. A theoretical resource flow diagram drawn by Mrs. D. Ng'ombe o f Zomba District, 
Southern Malawi and used by her to manage her smallholding during the season following that 
shown in Figure 1.
uses the resource flow diagram to manage the farm ., The farmer records the amounts of 
materials which flow along the different pathways and notes any deviations from the desiga.
To control (in the scientific sense) the experiments being conducted on-farm, replicated 
simulations are established on the experiment station. Every week, samples o f  on-farm inputs 
are collected, dried and analyzed. This data is then loaded into an ICLARM-developed 
spreadsheet which reduces to dry matter, organic matter, nitrogen and phosphorus terms the 
inputs used by farmers. Through a  comparison o f  this data with observations made on-farm, 
inputs and management practices used by fanners can be mimicked on the experiment station.
This system provides the statistical comparisons needed to make general statements about farm 
management strategies. It also gives the researchers an opportunity to experience, at a  personal 
level, the problems faced by farmers. This helps in providing insight to potential new 
technologies and, maybe more importantly, provides the shared experience necessary to the
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creation o f a more positive mutual understanding between scientist-researcher and fanner- 
resparcher. Such a  relationship is one o f the keyB to a  more realistic and fhritfill research and 
development methodology (Figure 3).
Technology Development: A New Approach
As Figure 3 illustrates, the conduct o f farmer-led experimentation presents the opportunity to 
perform on-station research and development which is inherently appropriate to the farmer's 
situation. In classical approaches, potential management strategies are compared to some sort 
of best case scenario. Researchers tend to choose systems for study which push the 
productivity o f the fish pond without regard for whether or not fanners really have access to 
the inputs necessary to use the technology so developed on their farms.
Figure 3. A flow diagram illustrating in general terms the Farmer-Scientist Research 
partnership technology development and transfer methodology.
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In the Farmer-Scientist Research Partnership approach, the data gathered during the weekly 
visits, as mentioned above, is used to establish scientific controls o f on-farm studies conducted 
by fanners. These controls are also used by scientists on the experiment station to conduct 
studies o f improved systems. For example, if  a fanner elects to test the use o f chopped maize 
stover as a pond input, the researchers establish a  maize stover control which simulates the on- 
farm treatments. TTien the researchers design other treatments which are also controlled by the 
same ponds which control the on-farm study. Such treatments might include the use o f different 
presentation strategies for the maize stover such as grinding, composting, etc.
Figure 4. A graphical representation o f  the results o f five trials o f  different fishpond inpit 
regimes. The size o f the fish is relative to the growth rate achieved under each separate trial. 
Such methods may be more useful in explaining experimental results to farmers than the use o f 
such terms as standing stock, specific growth rate, etc.
When the growing season is over, ail ponds both on-farm and on-station are harvested and the 
results analyzed and compared. TTie outcome is presented to the farmer for discussion. 
Sometimes, this requires the use o f ingenious methods to clearly demonstrate to the fanners 
what has happened. Figure 4 depicts one such effort in which the outputs from different input 
regimes are compared graphically with different sizes o f fish to represent different growth 
rates.
Based on the results o f both the farmer's and researcher's studies fanners are requested to re­
draw their resource flow diagrams again to show how the system will be managed in the 
following year. Depending upon the objectives o f the research program, this cycle can be 
repeated many times.
ICLARM's approach utilizes the resource base and constraints faced by farmers to establish 
control conditions and works from there to modify the production system. Productivities o f 
systems developed in this way are, o f course, much lower than those designed by classical 
methods. There are also problems with communication, trust and misunderstanding motivations 
which must be overcome (Harrison, 1995; Noble, 1995). However, the resuits are much closer 
to those which farmers can actually expect to achieve and doing the research with the farmer's 
situation firmly in mind gives researchers a much clearer idea as to what might be possible 
within the context o f  the complete farming system than does the classical approach of focusing 
on the fish alone. Building new farming systems from the ground up in this way also gives the 
farmers a  sense o f propriety over new technlogy when facilitates its evolution into more 
sophisticated and productive forms (Chikafumbwa, 1995). The relationship established with 
the fanning community as a result o f this sort of exercise can also facilitate the collection o f 
longer-term monitoring data on technology adoption and impact
Farmer-to-Farmer Dissemination of Technology
In addition to using it as an experimental tool for planning new farming strategies, fanners will 
often use the model they have drawn as a teaching aid to farm management for their family, and 
neighbors. Frequently, drawings are displayed prominently in farm households as a  focal point 
for discussion. The presence o f the map on the wall, the pond on the farm and the fish in the 
local market attracts the attention o f the community and present an obvious opportunity for 
technology transfer.
Most agricultural technologies have probably been spread by farmer-to-farmer contact 
Regardless o f jealousies and competition within the community, more productive farming 
systems are extremely difficult to hide, particularly in tightly-knit rural villages.
A Case Study
In December 1990, 17 farmers who were practicing aquaculture in Zomba District were 
invited to see rice-fish systems at the Malawi National Aquaculture Center. At that time, no 
fanners in M alawi were practicing rice-fish culture even though many had rice paddies 
adjacent to their ponds and extension agents had been for many years promoting it use.
The usual practice in Southern Malawi is to grow one crop o f rice per year between December 
and June. The farmers who participated in the on-station demonstration in December 1990 saw 
rice which had been grown during the period o f the hottest, driest months o f  the year (August- 
December). This was possible because the rice was grown in ponds.
Fanners were impressed by the arrangement whereby two crops (rice and fish) were gathered 
from the same pond and also that rice could be grown during the dry season. After viewing the 
harvest, they led a  workshop to discuss the demonstration and its relevance to their farming 
environment Prior exposure to farm resource mapping o f potential or actual integrated 
aquaculture-agnculture systems enabled the farmers to quickly design elegant and simple rice- 
fish arrangements appropriate for their own farms.
Without further input or encouragement from the researchers, 11 o f these fanners experimented 
and developed their own unique rice-fish systems over the succeeding 12 months. These 
systems all differ slightly based on the farmer's personal perceptions, needs and constraints. 
None of the farmers adopted the technology precisely as it has been demonstrated More 
interesting yet is the fact that within 24 months o f the demonstration/mapping exercise farmer- 
to-fnrmer technology transfer resulted in the uptake o f rice-fish integration by 40 farmers are 
who had not attended the open day (Chikafumbwa, 1995).
Acknowledgments
This work was conducted with financial support from the German Bundesministerium fllr 
Wirtschattliche Zusammenarbeit (BMZ) nnd (he German GeseUschaft filr Technische 
Zusammenarbeit (GTZ).
References
Brummett, R.E. 1995. The context o f smallholding integrated aquaculture in Malawi. In R.E. 
Brummett (ed) Aquaculture Policy Options for Integrated Resource Management in 
SubSaharan Africa. ICLARM Conf Proc. 46. International Center for Living Aquatic 
Resources Management, Manila, Philippines.
Chikafumbwa, F.J.K. 1995. Farmer participation in technology development and transfer in 
Malawi. In R.E. Brummett (ed) Aquaculture Policy Options for Integrated Resource 
Management in SubSaharan Africa ICLARM Conf Proc. 46. International Center for 
Living Aquatic Resources Management, Manila, Philippines.
Harrison, E. 1995. Digging fishponds: perspectives on motivation In R.E. Brummett (ed) 
Aquaculture Policy Options for Integrated Resource Management in SubSaharan Africa 
ICLARM Conf Proc. 46. International Center for Living Aquatic Resources 
Management, Manila, Philippines.
9
Lightfoot, C. and R. Noble. 1993. A  participatory experiment in sustainable agriculture. J. 
Fanning Systems Rsch. E xt 4(1): 11-34.
Lightfoot, C., R. Noble and R. Morales. 1991. Training resource book on a participatory 
method for modeling bioresource flows. ICLARM Educ. Ser. 14. International Center for 
Living Aquatic Resources M anagement Manila, Philippines.
Lightfoot C., M .A  Bimbao, J.P.T. Dalsgaard and RS.V. Pullin 1993. Aquaculture and 
sustainability through integrated resources management Outlook on Agriculture 
22(3): 143-150.
Noble, R P . 1995. Research challenges in integrated resource management (IRM) in rural 
Africa In R E . Brummett (ed) Aquaculture Policy Options for Integrated Resource 
Management in SubSaharan A frica  ICLARM Conf Proc. 46. International Center for 
Living Aquatic Resources M anagement Manila, Philippines.
10
